Summary: By means of a rubbed copy method using India ink and an image-analysis system (IBAS 2000), the areas of 106 left-right plana temporalia were compared using fixed brains of both sexes. The left planum was of a larger size than the right planum in two-thirds of the cases. This result was confirmed statistically by the least-squares analysis of variance method (p<0.01).
Morphological differences in the planum ternporale, which is located on the superior surface of the temporal lobe and is thought to be an important part of the cortical speech area, had been reported in the early decades of this century (Flechsig, 1908; Pfeifer, 1920; Kakeshita, 1925; Economo and Horn, 1930) . Then, little attention was paid to this area until 1968 when Geschwind and Levitsky examined this area quantitatively and reported that the left planum was significantly larger than the right one. Since then, a number of reports based upon various methods of measurements followed and confirmed the results of Geschwind and Levitskey (Witelson and Pallie, 1973; Wada et al., 1975 , Yamadori et al., 1982 Falzi et al. , 1982) . Other studies proved the left-right difference of other cortical regions which are considered to be associated with the sensory speech area, for example, the area comprising the superior part of the superior temporal gyrus, angular gyrus and the supramarginal gyrus (Yamadori et al. , 1978) and the opercular part of the inferior frontal gyrus (Wada et al., 1975; Falzi et al., 1982) . The purpose of the present study is to reexamine the left-right difference of the planum temporale more precisely using a large number of human brains than reported previously (Yamadori et al. 1982 ).
Materials and Method
One hundred and six adult Japanese brains fixed in 10% formalin were used. These brains had no gross anatomical defects or deformations, and were subsequently used in the medical student dissection course. Seventy-three brains were from male and 33 were from female cadavers. Their age ranged from 21 to 91 years with the mean age 61.62 years (male: 58.47, female: 68.61). Each brain was washed for 5 to 7 days in running tap water, weighed, and then the arachnoid mater and pia mater were removed along with the surface blood vessels. The medulla and pons with attached cerebellum were removed from the caudal end of the midbrain and the left and right cerebral hemispheres were separated at the midsagittal plane using a brain-knife. The temporal lobe was then isolated by cutting along the posterior branch of the lateral sulcus to expose the superior surface of the temporal lobe where the planum temporale is located. The covering meninges and blood vessels on this surface were also removed and the surface of the brain was blotted using filter paper. The blotted surface of the planum and its surroundings were painted with a mixture of thick India ink and a small amount of starch. A rubbed copy was obtained by laying a piece of thin Japanese paper, which is good for the printing by the ink, onto the painted surface of the planum temporale and pressing it gently against the surface with a cotton tampon. Thus, the exact shape of the planum and the neighboring gyri appeared on the surface of the paper as a positive picture (Yamadori et al. , 1978) . Then the borderline of the planum was delineated (Fig. 1) . The contour of the planum was redrawn
onto tracing paper and the areas of the left and right plana were measured at the same time automatically using the IBAS 2000 image analysis system. The least-squares analysis of variance method was used for comparison of the area of the planum. Sex and side (left or right) were included in a statistical model as the fixed effects, and age and brain weight as the covariates.
Results
The mean area of the planum temporale of all cases was appoximately 400 mm2 on the left side and 300 mm2 on the right side. In about two thirds of cases, the left planum was larger in size than the right one of the same brain. The right planum, however, was larger in one-third of cases. The mean standard deviation was larger in the right (187.4) than in the left planum (143.9) ( Table I) .
The left and right areas of the planum in each brain were compared using a histogram (Fig. 2) . The mode of the area of left planum was in an interval one step lower than that of the total mean (366.0 mm).
The right planum was not present in 10 cases (9%), while the left planum was absent in only one case. The least-squares analysis of variance showed a significant difference of area between the left and right plana (p < 0.01). Otherwise, there were no significant differences between other effects considered in the statistical model.
Discussion
The left-right asymmetry of the planum temporale was studied by many investigators using various methods. Geschwind and Levitsky (1968) measured the length of the planum at the lateral edge of the lateral sulcus, while Teszner et al. (1972) measured its size by making plastic models of the planum. Witelson and Pallie (1973) used a method to measure the size of the planum from photographs, while Hori (1976) used a method to assume the area from the arterial landmark using angiographs of patients. Rubens et al. (1976) measured the length of the planum and reported that it was larger in the left hemisphere in 67% of the examined brains. Chi et al. (1977) inspected the serial celloidin sections of the planum and estimated its size approximately. However, all these methods have same defects in accuracy as they did not measure the area of the planum directly. The method used in the present study is to measure the area more accurately using a rubbed India ink copy of the planum temporale. By this method it is possible to obtain a much more accurate figure of the area. The measurement of the area was then performed using an image analysis system (IBAS 2000, Carl Zeiss).
Among the 106 brains examined in the present study, 67 (63.2%) showed a larger left planum. This result generally agrees with those of previous reports. As it had been verified histologically that the size of the auditory cytoarchitectonic area generally corresponds to the size of the planum (Galaburda et al., 1978) , the fact elucidated in the present study confirms that there is clear left-right asymmetry in this speech-related area of adult Japanese brains. It had been reported that almost all the right handed people have the speech-dominance in the left hemisphere, while only 70% of the left handed or mixed handed people have the dominance in the left hemisphere. Fifteen percent of those people have the dominance in the right hemisphere and the rest of 15 percent in both hemispheres (Rasmussen and Milner, 1977) . The asymmetry of the planum and the handedness is an interesting theme which should be studied as the next step. We are presently compiling the brains which have unequivocal life histories of the handedness.
